Abstract. This paper presents theoretical and experimental research works on the effect of aluminium heat sink and heat dissipation in a portable thermoelectric (TE) cooling system. In this study, three units of TE modules were utilized with an inputs of 3 A and 8 V. The aluminium heat sink was used to spread the heat generated by TE modules through its fins and surface area. The cold temperature was spread through by an aluminium cold sink with direct blow to the cooling space. The air flow rate was accelerated by the use of centrifugal blower on both sides of the heat dissipation system. The temperature of the cooling space caused was examined. The performance of TE module with the utilization of hot and cold sinks has shown that a greater heat dissipation rate was achieved.
Introduction
Ozone depletion and global warming are major environmental concerns with serious implications on the future development of the refrigeration-based industries [1] . TE technology has been long recognized as a potential transformative power generation technology due to the ability to convert temperature different into electricity in a cost-effective and pollution-free method [2] . TE module generates heat at one side and cold on the opposite side at the same time. The heat generated needs to be removed, otherwise the heat will naturally move to the cold side of the Peltier to reach thermal equilibrium obeying the Zeroth Law of Thermodynamic.
Heat dissipation system is important to dissipate the heat generated at the hot side of TE module as well as to prevent it from moving to the cold side of the Peltier which will eventually reduces the COP of the entire system. The higher the heat dissipation rate, the higher the COP of the TE cooler. The hot sink has been used as one of the key parameters in the design of a TE cooler [3] . Preliminary studies have been conducted on the fluid flow and heat transfer characteristics of a parallel plate heat sink through the CFD modelling and simulations to determine the optimal heat sink design [4] .
It is said [5] that the minimum temperature can be obtained by increasing the electrical current input and decreasing the heat sink thermal resistance. However, the study to obtain the maximum electrical input through the optimization of heat dissipation have not explored yet. Therefore, this paper presents a comprehensive overview of theoretical and experimental research works on optimizing COP of TE cooling system that aimed at proper design of heat dissipation and electrical power input.
Basic Theory and Methodology
The cooling load capacity required to be removed was determined from equation 1 with the assumption that the heat transfer caused by convection and radiation were neglected. The heat transfer by conduction could be expressed in equation 2 [6] . The heat required to be removed from the enclosure can be determined from equation (3) [7] . The hot sink dimension was determined to be 300 mm length, 200 mm width, 50 mm height, and 0.4mm fin thickness with 5mm base thickness due to the limited space of the enclosure.
The thermal conductivity of aluminium hot sink was k of 237W/m.K, and the constant properties of air at 30 °C were kinematic viscosity, ⱴ of 2.046(10 , Rayleigh number, R a , and optimum fin spacing, S were determined from equation 5, 6 and 7. Electrical inputs 8 V and 3 A were selected to power up the TE module. Higher voltage input will cause the TE module to generated more heat and outrun the capability of the designed hot sink to dissipate it. The cold temperature was spread through a small cold sink with an accelerated air blow to the cooling space by a compact blower.
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Cold Air Warm Air (a) (b) (c) Fig. 1 . Operation scheme of (a) TE cooling system, (b) cold sink, and (c) hot sink.
( )
Results and Discussion
In order to minimize the material cost and fabrication time, the hot sink was initially designed and evaluated by using Finite Element (FE) simulation. The hot sink specification was then analysed with two heating sources of 150 o C in the simulation based on the theoretical calculation from equation 4 to 7. Fig. 2 illustrates the heat spread through the aluminium hot sink by conduction with natural convection to the surrounding. The highest temperature of 150 o C was recorded at both heat sources, while the lowest temperature 65 o C was recorded at the edges of aluminium fin. It shows that the heat spreads in the aluminium hot sink was not uniform due to the small contact surface of TE module. Fig. 3 shows the preliminary TE module performance test. TE12709 module was tested with 1 A and 2 A. It was found that TE module should not be heated over 126 o C else it will burst. According to experimental results, the higher the applied current, the higher the temperature produced by the hot side of the TE module, high temperature may cause the TE module to be damaged and not functioning during operation. It was observed that back heating from the hot side of TE module was occurred due to the heat generated by TE module exceeded the capability of hot sink to dissipate it. It was observed
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Advanced Materials Engineering and Technology II that the most suitable voltage for the system was 8 volts with the capability to cool up to -23 o C. Apparently, it was proved that the temperature on both sides of TE module can be controlled conveniently by manipulating its voltage and current inputs. Fig. 6 shows the TE cooler by using aluminium hot and cold sinks was able to reach the relaxation time at 18 o C after 5 minutes.
Summary
The design, fabrication and testing of portable TE cooling system were successfully evaluated by theoretical and experimental analyses. The temperature of 18 °C obtained by the cooling system was best used for cooling drinks, vegetables and fruits in ambient temperature of 30°C. The hot and cold temperatures were spread successfully by the accelerated air flow with the uses of rotating blade blowers to the aluminium hot and cold sinks. From this study, it is recommended to increase the thermal conductivity of the hot and cold sinks by using copper instead of aluminium so that the thermal resistance can be reduced.
